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(S) Communication system and electronic apparatus 

@ There is provided a method of controlling 
communication for a communication system for 
connecting a plurality of electronic apparatuses 
through a communication control bus and al- 
lowing data communication between those 
electronic apparatuses wherein each of the 
electronic apparatuses performs connection 
control through the execution of a connection 
control command carried out by writing con- 
nection control information in a predetermined 
storage means of its own or another electronic 
apparatus. The electronic apparatuses which 
attempt to write the connection control infor- 
mation transmit the write instructions in a pre- 
determined storage means. The storage means 
which has received the write instructions exec- 
utes only the earliest write instruction and 
transmits responses indicating whether the 
execution of respective write instructions is 
successful or not 
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The present invention relates to a technique for 
transferring digital data such as video data and audio 
data using a communication control bus such as a 
serial bus in compliance with IEEE-P1394 (herein- 
after simply referred to as "P1394 serial bus") and a 
technique for successfully executing the earliest one 
among commands transmitted substantially simulta- 
neously from a plurality of apparatuses to a desired 
apparatus in a system for connecting a plurality of 
electronic apparatuses through a communication 
control bus on which control commands and data can 
coexist to allow data transfer between those electron- 
ic apparatuses. 

Systems have been proposed in which a plurality 
of electronic apparatuses are connected by a commu- 
nication control bus such as a P1394 serial bus on 
which control signals and information signals can co- 
exist to allow the information and communication sig- 
nals to be communicated between those apparatus- 
es. 

Fig. 5 shows an example of such a system. This 
system includes four digital video tape recorders 
(hereinafter referred to as "VTR's"), one canvcorder 
(hereinafter referred to as "CAM"), one editor, and 
one computer. Those apparatuses are connected by 
twisted pair tables which are a P1394 serial bus. 
Since those apparatuses have a function of repeating 
information signals and control signals input from the 
twisted pair cables, this communication system is 
equivalent to a communication system in which appa- 
ratuses are connected to a common P1 394 serial bus. 

The details of such a P1394 serial bus including 
a procedure for assigning node ID's are disclosed in 
"IEEE Specification for P1 394 Serial Bus" (published 
on October 14, 1993). 

The applicant has made the following five patent 
applications which are related to this application. 

European patent public disclosure No. 
0614297 

Japanese patent application No. 05126682 
Japanese patent application No. 05200055 
Japanese patent application No. 06051246 
Japanese patent application No. 06134940 
Applications for U.S. patent corresponding to 
these five applications are pending. 

The above applications are owned by the assign- 
ee of the present invention and are hereby incorporat- 
ed by reference. 

Data transfer among apparatuses sharing a bus 
is performed on a time division multiplex basis in pre- 
determined communication cycles (for example, 125 
usee each) as shown in Fig. 6. Data transfer in a com- 
munication cycle is started when a predetermined ap- 
paratus such as an editor which is referred to as a "cy- 
cle master* transfers an isochronous packet (cycle 
start packet which is hereinafter referred to as "CSP") 
indicating the beginning of the communication cycle 
to other apparatuses on the bus. 



The form of data transferred in one communica- 
tion cycle is classified into two types, i.e., isochron- 
ous data such as video and audio data and asyn- 
chronous data such as connection control commands 

5 (hereinafter referred to as "async data"). The transfer 
of an isochronous data packet precedes the transfer 
of an async data packet A plurality of isochronous 
data packets can be distinguished from each other by 
assigning channel Nos. 1 , 2, 3, .... N to respective iso- 

10 chronous packets. The period between the comple- 
tion of the transmission of the isochronous data pack- 
ets for all channels and the next CSP is used for the 
transfer of async data packets. 

When an apparatus is going to transmit an iso- 

1$ chronous data packet onto the bus, it first reserves a 
channel and a band required for the transfer of the 
data. For this purpose, the apparatus requests the re- 
quired channel and band from a predetermined appa- 
ratus for managing the channels and bands of the bus 

20 (bus manager which is hereinafter referred to as 
"BM") such as a computer. As shown in Fig. 7, the BM 
has a register REG1 for indicating the state of utiliza- 
tion of each channel of the bus and a register REG2 
for indicating the remaining capacity of the bus. The 

25 apparatus which is going to transmit an isochronous 
packet sends the registers REG1 and REG2 a read in- 

^ struction using an async data packet to read the con- 
tents of the registers REG1 and REG2. If a free chan- 
nel and a free capacity are available, the apparatus 

30 sends a write instruction to the BM using an async 
data packet to write the channel and the band it is go- 
ing to use in the registers REG1 and REG2. If the writ- 
ing into the registers REG1 and REG2 is successful, 
the apparatus is permitted to send its output onto the 

35 bus. 

Fig. 8 shows a basic configuration ofaVTR which 
is an apparatus included in the communication sys- 
tem shown in Fig. 5. This VTR includes a deck portion 
11 and a tuner portion 12 which are essential func- 

40 ttonal units of a VTR and, in addition, a digital inter- 
face 13 for a P1394 serial bus, a switch box portion 
14 for switching the digital interface 13 between the 
deck portion 11 and the tuner portion 12, and a com- 
munication control microcomputer 15. If the appara- 

45 tus is a CAM it includes a camera portion instead of 
the deck portion 11 and the tuner portion 12. If the ap- 
paratus is an editor or a computer, it includes a portion 
for processing video data or computer data. 

Connection between electronic apparatuses in 

so such a configuration is performed by a communica- 
tion control microcomputer 15. Fig. 9 illustrates layer- 
ing for the transfer of processes between an applica- 
tion 1, a command processing portion 2, and an ap- 
paratus connection processing portion 3 of the com- 

55 munication control microcomputer 15 and the struc- 
ture of a table for managing apparatus connection In- 
formation (construction management table which is 
hereinafter referred to as *CMT). 

2 
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The application 1 generates commands including 
parameters such as communicating parties and 
bands and sends them to the command processing 
portion 2. When the communication system has a rep- 
resentative apparatus which manages the connec- 5 
tion between apparatuses throughout the communi- 
cation system (hereinafter referred to as an audio vid- 
eo manager which is abbreviated as "AVM"), the com- 
mand processing portion 2 passes apparatus con- 
nection processes to the AVM. On the other hand, if 10 
there is no AVM, the command processing portion 2 
passes the parameters to Its own apparatus connec- 
tion processing portion 3. The apparatus connection 
processing portion 3 executes the apparatus connec- 
tion process based on the parameters and registers is 
the parameters in the CMT4. 

The AVM is an apparatus such as a computer 
which is capable of managing the communication sys- 
tem as a whole. In order for an apparatus to be an 
AVM, it must write its node ID in AVM registers (not 20 
shown) of all the apparatuses in the system. An ap- 
paratus which has been successful in such writing 
serves as an AVM. Each apparatus in the system can 
determine whether there is an AVM in the system from 
whether such a node ID is written in its AVM register. 25 

Communication systems utilizing a P1394 serial 
bus have been proposed as communication systems 
for connecting electronic apparatuses such as a vid- 
eo tape recorder, a television receiver (hereinafter re- 
ferred to as "TV"), a VTR combined with a camera 30 
(hereinafter referred to "CAM"), and a computer 
through a communication control bus on which con- 
trol signals and data can coexist and for allowing the 
transmission and reception of control signals and 
data among those electronic apparatuses. 35 

First an example of such communication sys- 
tems wilt be described with reference to Fig. 14. This 
communication system includes VTR's A, B, and C 
and an editor as electronic apparatuses. Connection 
is established using P1394 serial buses capable of 40 
transferring a mixture of control signals and data be- 
tween the VTR A and the editor, between the editor 
and the VTR B, and between the VTR B and the VTR 
C. Since each of the electronic apparatuses has a 
function of repeating the control signals and data on 4S 
a serial bus, this system Is equivalent to a communi- 
cation system in which electronic apparatuses are 
connected to a common P1394 serial bus. 

In the communication system shown in Fig. 14, 
communication is performed in predetermined com- so 
munication cycles (e.g., 125 us) as shown in Fig. 6. 
This system allows both of isochronous communica- 
tion wherein data such as digital AV signals are con- 
tinuously transferred at a constant data rate and 
asynchronous communication wherein control slg- 55 
nals such as connection control commands are irreg- 
ularly transferred as required. 

A communication cycle is led by a cycle start 



packet CSP which is followed by a period set for the 
transmission of isochronous communication packets. 
A plurality of isochronous communications can be 
sent by respectively assigning channel Nos. 1, 2 f 
3, ... t N to isochronous communication packets. After 
the transmission of the isochronous communication 
packets over all the channels to be transmitted is 
completed, the period before the next cycle start 
packet CSP is used for communication of asynchron- 
ous communication packets. 

An apparatus which is going to transmit an iso- 
chronous packet to the bus first reserves the channel 
to be used and the band required for the transfer of 
the data. For this purpose, the apparatus requests 
the required channel and band from a bus manager 
which is an apparatus for managing the channels and 
bands of the bus (hereinafter referred to as "BM"). As 
shown in Fig. 7, the BM has a register REG1 for indi- 
cating the state of utilization of each channel of the 
bus and a register RE62 for indicating the remaining 
capacity of the bus. The apparatus which is going to 
transmit an isochronous packet sends the registers 
REG1 and REG2 a read instruction using an async 
data packet to read the contents of the registers 
REG1 and REG2. If a free channel and a free capact-. 
ty are available, the apparatus sends a write instruc- 
tion to the BM using an async data packet to write the 
channel and the band it is going to use in the registers 
REG1 and REG2. If the writing into the registers 
REG1 and REG2 is successful, the apparatus is per- 
mitted to send its output onto the bus. The BM is au- 
tomatically determined according to a process speci- 
fied in IEEE-P1 394 when the communication system 
is configured by connecting a plurality of apparatuses 
to a P1 394 serial bus. 

The connection control over data communication 
in a communication system in which a plurality of 
electronic apparatuses are connected by a P1394 
serial bus is performed using virtual digital plugs pro- 
vided on the electronic apparatuses. Examples of vir- 
tual input and output plugs are shown In Fig. 15. Each 
of these digital plugs is a four-byte register provided 
in a communication control mlcocomputerof an elec- 
tronic apparatus. 

When a plug enable field in the digital input plug 
shown at (a) in Fig. 1 5 is set to 1 , an Isochronous com- 
munication packet is received from the channel 
whose channel No. is set When the plug enable field 
of the input plug is cleared to 0, the reception is stop- 
ped. At this time, other fields of the plug are also 
cleared to 0. The LSB of a protect counter (PC) of the 
input plug is set to 1 to protect the connection of sig- 
nals from the transmitting apparatus and is cleared 
to 0 to cancel the protection. 

When a plug enable field in the digital output plug 
shown at (b) in Fig. 1 5 is set to 1 , an isochronous com- 
munication packet is transmitted to the channel 
whose channel No. is set at the transmission rate spe- 
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cif ied at a data rate (OR) field using the band indicat- 
ed by a bandwidth field. When the plug enable field 
of the output plug is cleared to 0, the transmission is 
stopped. At this time, other fields of the plug are also 
cleared to 0. The number of the apparatuses request- 5 
ing protection is counted by incrementing a protect 
counter of the output plug by 1 when the connection 
of signals to a receiving apparatus is to be protected 
and by decrementing' it by 1 when the protection is 
canceled. 10 

These plugs can be rewritten by either the appa- 
ratus to which the plugs belong or other apparatuses 
using a P1394 transaction. It should be noted that 
such rewriting must be performed only when the val- 
ues in the protect counters are 0 in order to protect is 
connection. The marks "-\ and " — " in each of the 
plugs represent reservation bits. 

Assume that, in the communication system hav- 
ing the configuration as described above, the VTR's 
B and C substantially simultaneously transmit com- 20 
mands to request the VTR A to output isochronous 
communication packets while no isochronous com- 
munication is being performed between the appara- 
tuses. In order to successfully execute the command 
which has arrived the VTR A earl ier, a method may be 25 
employed wherein each of the apparatuses commu- 
nicates with the digital plugs of the VTR A using 
P1394 read and write transactions. 

Assume that the VTR B has transmitted the com- 
mand slightly earlier as shown in Fig. 16. Then, when 30 
the VTR B first reads the contents of the digital output 
plug of the VTR A, the VTR A returns information a, 
as the response thereto, on the output plug such as 
whether the VTR A is outputting and whether it is pro- 
tected. When the VTR B recognizes from the read in- 35 
formation a that the VTR A is neither outputting nor 
protected, the VTR B writes information p such as the 
output channel No. in the digital plug of the VTR A to 
complete the setting for output If the VTR C transmits 
the same command to the VTR A with a slight delay, 40 
the VTR C receives a response p including informa- 
tion indicating that the VTR A is already outputting 
when it reads the contents of the digital output plug 
of the VTR A. Thus, the VTR C recognizes that the 
execution of the command has failed, and the proc- 45 
ess terminates with no writing performed. 

However, if a process utilizing P1394 read and 
write transactions is performed to execute the com- 
mand which has arrived earlier as described above, 
no protection is provided for the communication dur- so 
ing the period between the read and write operations. 
Therefore, another apparatus can perform communi- 
cation during the period between the read and write 
operations. 

For example, assume that the VTR B reads the 55 
contents of the digital output plug of the VTR A and 
receives the response a and, thereafter, the VTR C 
reads the contents of the digital output plug of the 



VTR Aand recognizes from the response a that there 
is no not protection, as shown in Fig. 17. Then, the 
VTR C can write information y. In this case, if the writ- 
ing by the VTR C takes place earlier than the writing 
by the VTR B as illustrated, the VTR C first causes 
the VTR A to complete the setting for output. Since 
the VTR B is not aware of the interception, it over- 
writes the information p in the digital output plug of the 
VTR A to cause the VTR A to complete the setting for 
output. 

In this case, the VTR B which has transmitted the 
write transaction later is successful in the execution 
of the command while the VTR C which has transmit- 
ted the write transaction earlier fails. However, both 
of the VTR's B and C assume that they are success- 
ful, tf the VTR's B and C have requested output over 
different channels, the VTR C which has failed the 
execution of the command may not receive anything 
over the reception channel or may receive data trans- 
mitted by another apparatus. 

In Fig. 18, similarly, the VTR B reads the con- 
tents of the digital output plug of the VTR A and re- 
ceives the response a and, thereafter, the VTR C 
reads the contents of the digital output plug of the 
VTR A Thereafter, the VTR B writes the information 
P because it recognizes from the result of the reading 
that there is no protection. Further, the VTR C also 
writes the information y because there has been no 
protection when it has performed reading. As a result, 
at the digital output plug of the VTR A, the VTR B com- 
pletes the setting for output by performing writing 
and, thereafter, the VTR C completes the setting for 
output by performing overwriting. 

In this case, again, although the VTR C which has 
transmitted the write transaction later is successful in 
the execution of the command while the VTR B which 
has transmitted the write transaction earlier fails, 
both of the VTR's B and C assume that they are suc- 
cessful. Therefore, if the VTR's B and C have re- 
quested output over different channels, the VTR B 
which has failed the execution of the command may 
not receive anything over the reception channel or 
may receive data transmitted by another apparatus. 

The present invention has been conceived in or- 
der to such problems, and it is an object of the present 
invention to provide a method of controlling commu- 
nication and an electronic apparatus wherein a com- 
mand which has been transmitted earlier is reliably 
executed and wherein it is possible to check whether 
the execution of a command has been successful or 
not. 

SUMMARY OF THE INVENTION 

In order to reduce the above-described problems, 
according to the present invention, there is provided 
a method of controlling communication for a commu- 
nication systemfor connecting a plurality of electronic 
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apparatuses through a communication control bus 
and allowing data communication between those 
electronic apparatuses wherein each of the electron- 
ic apparatuses performs connection control through 
the execution of a connection control command car- 5 
rled out by writing connection control Information in a 
predetermined storage means of its own or another 
electronic apparatus, characterized in that electronic 
apparatuses which attempt to write the connection 
control information transmit the write Instructions In 10 
a predetermined storage means and, the storage 
means which has received the write instructions exe- 
cutes only the earliest write instruction and transmits 
responses indicating whether the execution of re- 
spective write instructions is successful or not. 15 

For example, an electronic apparatus which at- 
tempts to write connection control information trans- 
mits a write Instruction Including first information and 
second information to be written, and the storage 
means performs rewriting to replace the third infor- 20 
mation stored therein with the first information only if 
the third information agrees with the first information 
and transmits the third information. The first informa- 
tion is preferably information read from a storage 
means. 25 

According to the present invention, there Is pro- 
vided an electronic apparatus used in a communica- 
tion system for connecting a plurality of electronic ap- 
paratuses through a communication control bus and 
allowing data communication between those elec- so 
tronic apparatuses, characterized in that it includes a 
storage means in which connection control informa- 
tion for executing a connection control command is 
stored and in that the storage means stores only the 
connection control information provided by the earli- 35 
est one among write instructions it receives and 
transmits responses indicating whether the execu- 
tion of the write instructions Is successful or not. 

According to the present invention, only the con- 
nection control information provided by the earliest 40 
write instruction is stored In the storage means. Then, 
responses are transmitted which indicate whether the 
execution of write instructions is successful or not 
This ensures that the earliest command which has ar- 
rived at a predetermined storage means of an elec- 45 
tronic apparatus is executed and makes it possible to 
confirm whether the execution of the commands is 
successful or not 

As detailed above, the present invention makes 
it possible to maintain connection between a p para- so 
tuses in a communication system whether or not 
there is an electronic apparatus which manages the 
connection between the apparatuses throughout the 
system before and after a bus reset 

Further, according to the present invention, the 55 
new audio video manager established after a bus re- 
set needs not request connection information from 
each apparatus. Since the process at a bus reset is 



automatically performed, the user needs not care 
about bus resets. 

As described in detail above, the present inven- 
tion makes it possible to simply and reliably execute 
connection control commands In order of arrival and 
to confirm whether the execution of each command 
is successful or not This facilitates the implementa- 
tion of an apparatus connection processing portion In 
hardware and, resulting in an increase in processing 
speed and a reduction In the cost of the processing 
portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 1llustrates layering for the transfer of proc- 
esses between an application, a command process- 
ing portion, and an apparatus connection processing 
portion of a communication control microcomputer 
and the structure of a CMT according to an embodi- 
ment of the present invention. 

Fig. 2 illustrates the contents of a CMT of a CAM 
according to the embodiment of the present inven- 
tion. 

Fig. 3 illustrates the contents of a CMT of a VTR 
1 according to the embodiment of the present inven- 
tion. 

Fig. 4 illustrates the contents of a CMT of an edi- 
tor according to the embodiment of the present inven- 
tion. 

Fig. 5 illustrates an example of a communication 
system utilizing a P1394 serial bus. 

Fig. 6 illustrates an example of a data structure 
on the bus of a communication system utilizing a 
P1394 serial bus. 

Fig. 7 illustrates how to reserve a channel and a 
band in a communication system utilizing a P1394 
serial bus. 

Fig. 8 illustrates a basic configuration of a VTR 
in the communication system shown in Fig. 5. 

Fig. 9 illustrates layering for the transfer of proc- 
esses between an application, a command process- 
ing portion, and an apparatus connection processing 
portion of a communication control microcomputer 
and the structure of a CMT in a VTR shown in Fig. 5. 

Fig. 10 Illustrates an example of a command 
processing step according to the present invention. 

Fig. 11 Illustrates an example of a processing 
step carried out when a plurality of apparatuses have 
substantially simultaneously transmitted commands 
according to the present invention. 

Fig. 12 illustrates another example of a process- 
ing step carried out when a plurality of apparatuses 
have substantially simultaneously transmitted com- 
mands according to the present invention. 

Fig. 13 illustrates the flow of a processes per- 
formed by a VTR A when It outputs a broadcast 

Fig. 14 illustrates an example of a communica- 
tion system to which a plurality of apparatuses are 
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connected through P1394 serial buses. 

Fig. 15 illustrates examples of digital plugs. 

Fig. 16 Illustrates an example of a command 
processing step. 

Fig. 17 illustrates an example of a conventional 
command processing step carried out when a plural- 
ity of apparatuses have substantially simultaneously 
transmitted commands. 

Fig. 18 illustrates another example of a conven- 
tional command processing step carried out when a 
plurality of apparatuses have substantially simultane- 
ously transmitted commands. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will now 
described with reference to the drawings. The de- 
scription will be made on the following points. 

[1] Registration in and deletion from a CMT in an 

embodiment of the invention 

[2] Processes at a bus reset 

(2-1) Process performed when there is no 
AVM both before and after a bus reset 
(2-2) Process performed when no AVM exists 
before a bus reset and an AVM is established 
after the reset 

(2-3) Process performed when an AVM exists 
before a bus reset and not after the reset 

[1] Registration in and deletion from a CMT in an 
embodiment of the invention 

Fig. 1 illustrates layering for the transfer of proc- 
esses between an application 1 , a command process- 
ing portion 2, and an apparatus connection process- 
ing portion 3 of a communication control microcom- 
puter and the structure of a CMT according to an em- 
bodiment of the present invention. 

In the present embodiment when the application 

1 creates a command including connection parame- 
ters in response to an operation performed by the 
user, the command processing portion 2 assigns a 
connection ID which is uniquely defined among the 
apparatuses to each connection and registers it to- 
gether with the parameters passed from the applica- 
tion 1 in the CMT 4. The command processing portion 

2 passes this connection ID to the application 1 as a 
response. Thereafter, connection parameters are 
uniquely determined only by the transmission of a 
command having a connection ID performed by the 
application 1. 

When there is no AVM in the communication sys- 
tem, the command processing portion 2 transmits the 
command including the connection parameters regis- 
tered in the CMT 4 to its own apparatus connection 
processing portion 3. The apparatus connection proc- 
essing portion 3 executes an apparatus connection 



process according to the parameters. On the other 
hand, if there is an AVM, the command processing 
portion 2 transmits the command including the con- 
nection parameters registered in the CMT 4 to the 
5 AVM to have it perform the apparatus connecting 
process. 

When the command processing portion 2 re- 
ceives an apparatus disconnect command from the 
application 1, it determines whether there is an AVM 

10 in the communication system. As described above, 
the disconnect command is a command using a con- 
nection ID. If there is no AVM, the command process- 
ing portion 2 transmits the disconnect command to its 
own apparatus connection processing portion 3. If 

15 there is an AVM, it transmits the disconnect command 
to the AVM. After an apparatus disconnect process is 
carried out by the apparatus connection processing 
portion 3 or the AVM, the command processing por- 
tion 2 deletes the connection ID and the parameters 

20 from the CMT 4. 

The portion of each apparatus that performs ap- 
paratus connection has been described. Basically, an 
AVM has the same configuration except that it trans- 
mits and receives apparatus connection information 

25 to and from each apparatus. 

A discussion will now be made on a case that in 
the communication system shown in Fig. 5, the CAM 
is reproducing; the VTR 1 is recording; and the editor 
is operating the VTR 2 and VTR 3. 

30 Fig. 2 shows the CMT that the CAM keeps. In Fig, 

2, the output node ID assigned to the parameters is 
the ID of the apparatus outputting information signals 
(which is the node ID of the CAM in this case). The 
output plug No. is the number assigned to the plug 

35 outputting the information signals (which is the plug 
0 in this case). The input node ID is the ID of the ap- 
paratus to which the information signals are being in- 
put. In this case, since the CAM is in a reproduction 
mode wherein it outputs the information signals to the 

40 bus, the ID is "broadcast". The input plug No. is the 
number assigned to the plug to which the information 
signals are being input In this case, since a broadcast 
is being output, the input plug No. is marked "don't 
care". The parameter BW (bandwidth) represents the 

45 band required for the transmission of the information 
signals. The parameter PB (protect bit) indicates 
whether the connection of the apparatus is protected. 
In this case, since it is set to 0, there is no protection. 
A connection ID = 1 is assigned to the apparatus con- 

so nection having such parameters. 

Similarly, the CMT of the VTR 1 is shown in Fig. 

3. The output node ID parameter "broadcast" indi- 
cates that a state wherein the input comes from a de- 
fault (fixed) channel. 

55 Further, the CMT of the editor is shown in Fig. 4. 

When connection between apparatuses is provided 
by an apparatus such as an editor capable of manag- 
ing other apparatuses, such connection is referred to 
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as one-to-one connection. In the case of one-to-one 
connection, the parameter PB Is set to 1 because con- 
nection between apparatuses is protected. 

When the connection is established for a broad- 
cast, although the connection between the appara- 
tuses is not normally protected, a configuration may 
be employed in which the protection of the connection 
between the apparatuses can be set by a user. In this 
case, the command processing portion 2 receives a 
request for a protection process from the application 
1 . When the command processing portion 2 has per- 
formed the protection process, the PB of the corre- 
sponding connection ID on the CMT 4 is set to 1. 
When a protection canceling process has been per- 
formed, the PB is set to 0. In the case of the one-to- 
one connection, since such connection is always pro- 
tected, the PB is set to 1 at the time of registration. 

[2] Processes at a bus reset 

Processes at a bus reset will now be described. 

(2-1) Process performed when there is no AVM 
both before and after a bus reset 

If no AVM exists both before and after a bus reset, 
the command processing portion 2 of the CAM which 
has been output ting a broadcast passes the connec- 
tion process on the CMT 4 to its own apparatus con- 
nection processing portion 3. Similarly, the editor 
passes the one-to-one connection process between 
the VTR 2 and the VTR 3 registered on the CMT 4 to 
its own apparatus connection processing portion 3. 
The connection between those apparatuses is main- 
tained if the apparatus connection processes are ac- 
tually carried out. Then, the VTR 1 to which the broad- 
cast has been input may continue to receive the input 
over a default channel. 

An example of the case wherein no AVM exists 
both before and after a bus reset will be described 
with reference to a case wherein the recording oper- 
ation performed between the CAM and the VTR 1 is 
stopped and the power supply of the CAM is turned 
off. 

When the recording operation of the VTR 1 and 
the reproducing operation of the CAM are stopped, 
the application 1 of the CAM passes a command to 
disconnect the broadcast output to the command 
processing portion 2. Since there is no AVM in the 
system, the command processing portion 2 passes 
this command to its own apparatus connection proc- 
essing portion 3. When the process for disconnecting 
the apparatuses is completed, the command proc- 
essing portion 2 deletes the connection process cor- 
responding to the connection ID of the disconnect 
command told by the application 1 from the CMT 4. 
Thereafter, a bus reset takes place when the power 
supply of the CAM is turned off. After the bus reset, 



since there is no AVM in the system, the editor re- 
quests a one-to-one connection process from Its own 
apparatus connection processing portion 3. The ap- 
paratus connection processing portion 3 reacquires 
5 the band and channel to reestablish the connection 
between the apparatuses. Thus, the editing opera- 
tion performed between the VTR's 2 and 3 by the edi- 
tor is maintained. 

10 (2-2) Process performed when no AVM exists both 
before and after a bus reset 

Next, a description will be made on a case where- 
in no AVM exists both before and after a bus reset 

15 Here, it is assumed that a computer becomes the AVM 
and understands the system as a whole. 

After the bus reset, since there is an AVM In the 
system, the command processing portion 2 of the edi- 
tor passes a one-to-one connection process com- 

20 mand to the AVM. The AVM passes the apparatus 
connection process received from the command 
processing portion 2 of the editor to its own apparatus 
connection processing portion 3 to undertake the ac- 
quisition of the band and channel and performs the 

25 connection process. Assume that the operation be- 
tween the VTR's 1 and 4 is performed thereafter 
through an operation on the computer. Then, the com- 
puter recognizes the band and channel used by the 
editor and performs its own operations such as edit- 

30 ing using other channels. An AVM can disconnect the 
connection between other apparatuses by force if it 
is necessary for effective utilization of the bus as a 
whole. 

35 (2-3) Process performed when an AVM exists 
before a bus reset and not after the reset 

A description will now be made on a case wherein 
an AVM exists before a bus reset and not after the re- 

40 set. When the computer discontinues to manage the 
system as an AVM after completing the editing oper- 
ation thereon and causing a bus reset, the editor now 
recognizes that there is no AVM and transmits a one- 
to-one connection command to its own apparatus 

45 connection processing portion 3. Since the apparatus 
connection processing portion 3 of the editor exe- 
cutes a one-to-one connection process according to 
this command, the editing operation between the 
VTR's 2 and 3 is continued. On the other hand, since 

so the computer has discontinued to manage the system 
as an AVM and the CMT 4 has been cleared, the con- 
nection between the VTR's 1 and 4 is not reestablish- 
ed and the connection between the VTR's 1 and 4 
which has been controlled on the computer remains 

55 disconnected. 

As described above, according to the present em- 
bodiment, the command processing portion 2 which 
is the upper layer manages the CMT 4 and transmits 
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the process on the CMT 4 to the AVM or its own ap- 
paratus connection processing portion 3 after check- 
ing the presence of the AVM. Therefore, the connec- 
tion between the apparatuses on the system can be 
maintained regardless of the presence and changes 
of the AVM before and after a bus reset In addition, 
a new AVM needs not request connection information 
on the CMT 4 from each apparatus. 

Thus, when some editors or the like are removed 
or added during the execution of a plurality of editing 
operations, although the apparatuses which have en- 
gaged in the relevant editing operations are discon- 
nected, other one-to-one connections are main- 
tained. This satisfies the philosophy behind IEEE- 
PI 394 that the removal or addition of apparatuses on 
a system must not adversely affect other apparatus- 
es. 

Further, according to the present embodiment, a 
uniquely defined connection ID is assigned to each 
connection and is registered in the CMT 4 along with 
parameters passed by the application 1. Thereafter, 
the application 1 can cause the command processing 
portion 2 to uniquely determine connection parame- 
ters and to create a command using the parameters 
corresponding to the connection ID simply by trans- 
mitting thereto a command using the connection ID. 

Although commands using connection parame- 
ters are transmitted between the command process- 
ing portion of each apparatus and the command proc- 
essing portion of the AVM in the above-described em- 
bodiment, a configuration may be employed in which 
the AVM is added with an ability to manage connec- 
tion ID defined for each apparatus; a command in- 
cluding a connection ID and parameters is temporar- 
ily transmitted; and, after the command is registered 
in the CMT of the AVM, commands using the connec- 
tion ID are exchanged. 

Another embodiment of the present invention will 
now be described in detailed. 

According to the present embodiment, an appa- 
ratus connection process is performed in the commu- 
nication system shown in Fig. 14. As described above, 
in order to perform an apparatus connection process, 
apparatus connection information must be written in 
the digital plugs. In the present embodiment a com- 
pare and swap (C & S) transaction which is one of 
P1394 lock transactions is used to write the appara- 
tus connection information. 

In the C & S transaction, a write instruction which 
is a combination of first data read from a register and 
second data to be newly written in the register are 
sent, and the register compares third data currently 
written therein with the first data and, only when they 
agree with each other, rewrites the third data into the 
second data. Then, the third data is transmitted to the 
apparatus which has sent the write instruction. 

Referring to Fig. 10, when the writing party first 
reads the contents of the register, the register returns 



information a on the contents of the register as a re- 
sponse (read response). The process step so far is 
the same as the prior art Next, the writing party 
sends the register a write instruction (lock request) 

5 which is a combination of this contents information a 
and information p to be newly written in the register. 
Only when the contents information a sent by the writ- 
ing party agrees with contents information a' current- 
ly written in the register, the register writes the infor- 

10 mation on its contents Into the information p and, fur- 
ther, transmits the contents information a* to the writ- 
ing party (lock response). Unless a write instruction 
from another apparatus is successfully executed dur- 
ing the period between the response from the register 

15 (read response) and the write instruction, a equals a\ 
which means that the writing has been successful 
and which allows the writing party to confirm the suc- 
cessful writing. 

Fig. 11 and Fig. 12 show cases corresponding to 

20 those shown in Fig. 17 and Fig. 18. In Fig. 11, if the 
VTR C transmits a write instruction earlier, the VTR 
A rewrites the information on the digital output plug 
into information y and transmits the information a on 
the digital output plug before the rewriting to the VTR 

25 C. Thus, the VTR C can confirm that the writing has 
been successful. However, when the VTR B trans- 
mits a write instruction, the contents of the digital out- 
put plug have been changed to the information y 
which does not agree with the read information a. 

30 Therefore, no writing takes place, and information y 
which is the contents of the digital output plug is trans- 
mitted to the VTR B. The VTR B can confirm the writ- 
ing has not been successful because y*a. As shown 
in Fig. 12, similarly, the VTR B which has transmitted 

35 a write instruction earlier is successful in writing while 
the VTR C which has transmitted a write instruction 
later fails. 

As described above, according to the present em- 
bodiment, the apparatus which has transmitted a 
40 write instruction earlier is always successful in writ- 
ing. Further, both the successful and failed appara- 
tuses can confirm whether the writing has been suc- 
cessful. 

Next, as an example of connection control, a 
45 case wherein the VTR A outputs a broadcast will be 
described with reference to the flow chart shown in 
Fig. 13. First, a process of acquiring a broadcast 
channel is performed at step S1. If the acquisition is 
successful, the process proceeds to step S2 and, if 
so the acquisition is unsuccessful, the process ends. At 
step S2, a process of acquiring a band or the broad- 
cast is performed, rf the acquisition is successful, the 
process proceeds to step S3 and, if the acquisition is 
unsuccessful, the process proceeds to step S5. 
55 The method of acquiring the band and channel 

according to the present invention will be described 
more specifically. As previously described, in a com- 
munication system utilizing a P1 394 serial bus, an ap- 
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paratus which attempts to transmit an isochronous 
communication packet must write the channel to be 
used and required band in the registers REG1 and 
REG2 of the BM. If this writing is successful, the 
transmission of the isochronous communication s 
packet is enabled. According to the present invention, 
a P1 394 C & S transaction Is used to write the channel 
and band to be used. 

Specifically, at step S1, a transaction (read) is 
transmitted to read the register REG1 of the BM and 10 
free channels are checked from the response thereto 
(read response). If the broadcast channel (a predeter- 
mined channel which is the default to be used for a 
broadcast) is busy, the acquisition of the channel has 
been successfully. 1$ 

If the broadcast channel is free, a write instruc- 
tion (lock request) is transmitted which is a combina- 
tion of the read value of the register REG1 and a value 
whose bit corresponding to the broadcast channel is 
set to 0. As a result, if the value of the register REG1 20 
included in the write instruction is returned as the re- 
sponse from the BM (lock response), the acquisition 
of the broadcast channel has been successful. If an- 
other value is returned, the channel acquisition has 
been unsuccessful. Then, the process is repeated 25 
starting with the step of checking whether the broad- 
cast channel is busy after the returned value is exam- 
ined. 

Similarly, a process of acquiring the band is per- 
formed on the register REG2 at step S2. Specifically, 30 
a transaction (read) for reading the register REG2 of 
the BM is transmitted to check the currently remain- 
ing band from the response (read response) thereto. 
If the remaining band is smaller than the band re- 
quired for outputting the data, the process fails. Con- 35 
versely, if the remaining band is larger than the band 
required for outputting the data, a write instruction 
(lock request) is sent This write instruction includes 
a combination of the value read from the register 
REG2 and a value obtained by subtracting the band 40 
required for outputting the data from the value read 
from the register REG2. If the same value as the val- 
ue in REG2 set in the write instruction is returned 
from the BM (lock response), the acquisition of the 
band is successful. If another value is returned, the 45 
process fails. Then, the process is repeated starting 
with the step of checking the relationship between the 
sizes of the currently remaining band and the band re- 
quired for outputting the data after the returned value 
is examined. so 

Next, its own digital output plug O Is set to an ON 
state at step S3. The digital output plug O Is the de- 
fault for outputting a broadcast. If the setting is suc- 
cessful, the process is terminated (success) and, if it 
fails, the process proceeds to step S4. Specifically, 55 
the contents of the digital output plug is read, and the 
process fails if response (read response) indicates 
that there is protection. If not protected, the plug is 



turned on by the C & S transaction. 

Specifically, a write Instruction (lock request) is 
sent in which the value of the response read from the 
digital output plug and the values of the plug enable 
= 1, BCN (broadcast channel No,), DR, and BWof the 
digital output plug are set, and the process is success- 
ful if the value of the digital output plug O included in 
the write instruction Is returned as the response 
thereto (lock response). If another value is returned, 
the process has failed. Then, the process Is repeated 
from the step of checking whether there is protection 
after the value is examined. 

Next, the band acquired at step S2 is released at 
step S4, and the broadcast channel acquired at step 
S3 is released at step S5. These releasing processes 
also use the C & S transaction. Specifically, at step 
S4, the contents of the register REG2 of the BM is 
read; a write instruction which is a combination of this 
read value and a value obtained by adding the band 
acquired at step S2 to thus value; and the releasing 
of the channel is finished If the response from the BM 
is the same as the value of the register REG2 includ- 
ed in the write instruction. If another value is re- 
turned. The process is repeated starting with the step 
of sending a write instruction which is a combination 
of the returned value and a value obtained by adding 
the band acquired at step S2 to this value. Step S5 
proceeds similarly. 

The present invention is not limited to the above 
described embodiments, and various modifications 
are possible based on the principles of the present in- 
vention. For example, an arrangement may be made 
wherein the exchange of the write instruction (read) 
and the response thereto (read response) shown in 
Fig. 10 is omitted and only the C & S transaction is 
used. This allows the number of communications to 
be reduced. This is effective where the register infor- 
mation can be guessed as in the initial state. 

Although the above-described embodiments use 
a P1394 serial bus as the communication control bus, 
the present Invention may be implemented using 
other communication control buses as long as a mix- 
ture of control signals and data can be transferred. 

Since numerous modifications and changes will 
readily occur to those skilled in the art, It is not desired 
to limit the invention to the exact construction and op- 
eration as illustrated and described. Hence, alt suit- 
able modifications and equivalents may be restored 
to as falling within the scope of the invention. 



Claims 

1 . A system for performing data communication be- 
tween a plurality of electronic apparatuses con- 
nected through a bus comprising the steps of: 

storing connection information in an elec- 
tronic apparatus which has performed connec- 
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tion between the apparatuses; and 

connecting the apparatuses again based 
on said stored connection information in the case 
of a bus reset during data communication. 

2. The system according to Claim 1, wherein, if 
there is an electronic apparatus managing the 
connection of the apparatuses throughout the 
system, said electronic apparatus undertakes 
the step of connecting the apparatuses and 
wherein, if there is no such apparatus, the con- 
necting step is performed by each electronic ap- 
paratus. 

3. The system according to claim 1 or 2, wherein the 
information on the connection between the appa- 
ratuses includes identification information 
uniquely defined for each connection and para- 
meters for said connection. 

4. An electronic apparatus in a system for perform- 
ing data communication between a plurality of 
electronic apparatuses connected through a bus 
comprising: 

a means for storing connection informa- 
tion on the connection between the apparatuses; 
and 

a control means for connecting the appa- 
ratuses again based on the connection informa- 
tion stored in said storage means in the case of 
a bus reset during data communication. 

5. A communication system for connecting a plural- 
ity of electronic apparatuses by a communication 
control bus and for performing data communica- 
tion between said electronic apparatuses com- 
prising the steps of: 

executing a connection control command 
during connection control by each of the electron- 
ic apparatuses by writing connection control in- 
formation in a predetermined storage means of 
its own or another electronic apparatus; and 

transmitting write instructions from elec- 
tronic apparatuses which are going to write said 
connection control information to said storage 
means, 

executing only the earliest write instruc- 
tion at the storage means which has received 
said write instructions; and 

transmitting responses indicating whether 
the execution of the write instructions has been 
successful or not from the storage means. 

6. The communication system according to Claim 5, 
wherein said electronic apparatuses which are 
going to write connection control information 
transmit write instructions including first informa- 
tion and second information to be written and 



wherein said storage means rewrites third infor- 
mation stored therein into said first information 
only when said third information agree with said 
first Information and transmits said third informa- 
5 tion. 

7. The communication system according to Claim 7, 
wherein said first information is information read 
from said storage means. 

10 

8. An electronic apparatus for use in a communica- 
tion system for connecting a plurality of electronic 
apparatuses by a communication control bus and 
for performing data communication between said 

15 electronic apparatuses comprising: 

a storage means to which connection con- 
trol information for executing a connection con- 
trol command is written; and 

a control means for performing control so 

20 that said storage means stores only the connec- 

tion control information in accordance with the 
earliest write instruction and transmits respons- 
es indicating whether the execution of the write 
instructions has been successful or not. 

25 
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